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In vertebrates, stress and thyroid systems interact closely, most likely because of the involvement 24 of both systems in energy metabolism. However, studies on these interactions, especially during 25 larval development, are scarce. Recently, cDNAs coding for corticotropin-releasing hormone 26 (CRH) and CRH-binding protein (CRH-BP), two key players in the regulation of the 27 neuroendocrine stress response, were characterized for the flatfish Senegalese sole (Solea 28 senegalensis). To investigate the interactions between stress and thyroid systems in this species, 29 the effects of food deprivation during early development of S. senegalensis were assessed.
30
Growth was arrested in food-deprived post-larvae, which was also reflected by decreased carbon 31 and nitrogen contents, indicating increased catabolism. Food deprivation induces chronic stress, 32 as illustrated by enhanced whole-body cortisol levels, as well as an upregulation of crh and a 33 decrease of crh-bp expression levels. Furthermore, whole-body total T3 concentrations of food-34
Introduction
44
It is an obvious fact that the only way in which heterotrophic organisms can take in energy is via 45 food intake. This process, therefore, is extensively regulated, and fasting and starvation induce a In fishes, depending on the species, the hypothalamic factors thyrotropin-releasing hormone 2008; Lechan and Fekete, 2006) , and this could well be the case in teleosts. A similar role can be In aquaculture, it is important to reach optimal production conditions. This generally implies that 77 a distress-free environment is ideal, since exposure to stressors can lead to allostatic overload (or 78 distress), which negatively affects growth, development and immune functions leading to diseases 79 and reduced animal welfare (Ashley, 2007; Conte, 2004; Ellis et al., 2002) . In teleosts, the larval 80 phase is defined by a rapid increase in biomass and changes in morphology, behaviour, and 81 physiology. These aspects depend on the vigour of the individual, abiotic factors such as light, 82 temperature and salinity, and feeding conditions. Moreover, larvae in aquaculture have to adjust 83 to changes in feeding regime such as the transition of live to inert food. In some species, the 84 HPI-axis is already active in early life stages (Stouthart et al., 1998) . Therefore, exposure to Recently, we characterized the cDNAs coding for S. senegalensis CRH and CRH-BP peptides,
99
obtaining new molecular tools to study the endocrine stress response and interaction with the 100 thyroid system (Wunderink et al., 2011 
112
Larvae were transferred to two 300-L tanks containing seawater (33 ppt salinity) and kept at an were also added to the rearing tanks from first feeding. at -20 °C until further analysis. Post-larvae were rinsed with distilled water, adhering water was 127 removed with a tissue, and post-larvae were pooled to obtain a total sample weight of 0.25 -0.50 128 g for whole-body total thyroid hormone analysis, and 0.1 -0.5 g for cortisol analysis, respectively.
129
All samples were immediately frozen in liquid nitrogen and stored at -80 °C until further analysis.
130
For the purpose of RNA isolation, post-larvae (n = 9) were rinsed with distilled water and put in 
Results
204
Post-larvae from the control group increased in weight over time, whereas food-deprived 205 postlarvae did not grow and showed a significantly lower body weight (Fig. 1 ). Biomass quality,
206
assessed by the dry mass content of carbon and nitrogen, changed upon food deprivation (Table   207 2). C content significantly increased in fed post-larvae, whereas that of food-deprived post-larvae 208 decreased. N content also diminished in food-deprived post-larvae, though only significantly at 209 12 days of food deprivation. Consequently, the C to N ratio (C/N) was lower in food-deprived 210 post-larvae compared to control group (Table 2) .
212
Whole-body cortisol values were significantly elevated in post-larvae that did not receive food for 213 12 days (Fig. 2) . Whole-body levels of tT4 were not affected (Fig. 3A) , whereas those of tT3 were 214 significantly lower in food-deprived post-larvae (Fig. 3B ). Food deprivation significantly 215 upregulated crh expression (Fig. 4A) , downregulated crh-bp expression (Fig. 4B ), but did not 216 affect tshβ subunit expression (Fig. 4C) . 
243
We can thus assume that food deprivation already for a few days is a chronic stressor for S.
244
senegalensis postlarvae.
246
Compared to control group, food-deprived post-larvae showed lower whole-body total T3 The interaction between stress and thyroid systems during larval development is poorly function of a stress response is to prepare the organism to cope with the stressor, and to this end food-deprived post-larvae for 12 days ( □). Statistically significant differences compared to the
